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The	 life	history	characteristics	of	many	sharks	and	 rays	 (e.g.,	 slow	
growth,	late	age	at	sexual	maturity,	 low	fecundity)	make	them	par-
ticularly	vulnerable	to	overfishing	 (Cortes,	2002;	Musick,	1999),	 	a	

















restricted	or	 fully	prohibited.	Areas	 that	 fall	under	 the	MPA	umbrella	
include	 marine	 reserves,	 sanctuaries,	 parks,	 no-	take	 zones	 or	 areas,	
fishery	 exclusion	 zones,	 fishery	 reserves	 and	 closed	 areas.	 Though	
most	MPAs	are	small	in	size,	the	last	decade	has	seen	an	increase	in	the	
creation	of	large,	remote,	pelagic	MPAs	(Lubchenco	&	Grorud-	Colvert,	

















stantial	 uncertainty	 remains	 regarding	which	 shark	 and	 ray	 species	




face	 of	 the	 recent	 and	 rapidly	 increasing	 trend	 of	 large	MPAs	 and	
Shark	Sanctuaries,	and	notwithstanding	recent	assessments	of	Shark	
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and	management.	 For	 the	 purpose	 of	 our	 interviews,	 we	 defined	
an	MPA	 to	be	 any	 spatial	 protection	 (including	Shark	 Sanctuaries)	
within	 which	 extractive	 activities	 are	 partially	 restricted	 or	 com-
pletely	prohibited.
The	 survey	 included	 three	 sections	 (Supporting	 Information	
Appendix	S1),	with	the	first	section	containing	the	three	questions	
of	primary	 interest	 to	 this	 study.	These	questions	were	designed	




The	 second	 section	 of	 the	 survey	 recorded	 participants’	 current	
or	previous	involvement	with	a	specific	MPA	and	was	intended	to	
provide	 context	 and	 identify	 potential	 “lessons	 learned”	 through	
personal	experience.	The	third	section	of	the	survey	included	ques-
tions	designed	 to	 collect	background	 information	on	participants	








question	 which	 allowed	 them	 to	 provide	 explanation	 for	 why	 they	
chose	a	particular	score.	For	the	questions	regarding	success	factors	




shark	and	 ray	conservation.	We	used	a	 rating	approach	 instead	of	a	
ranking	approach	to	allow	differences	among	responses	to	be	assessed	
at	a	 finer	scale	and	 to	allow	respondents	 to	allocate	equal	 scores	 to	
multiple	responses.
2.2 | Sampling
The	 survey	 was	 administered	 over	 the	 phone	 with	 MPA	 manag-
ers,	 scientists,	 fisheries	 experts,	 conservation	 practitioners,	 advo-
cates	 and	 policy	 experts	 (n	=	53)	 from	 September	 2017	 through	
February	2018	(response	rate	was	43%).	Eligible	participants	were	
considered	 to	 be	 those	 having	 expertise	 and	 experience	 in	 shark	
and	ray	conservation,	fisheries,	advocacy	and	policy,	who	currently	
or	previously	had	been	involved	in	the	design,	establishment,	moni-
toring	 and/or	management	 of	 one	 or	more	MPAs	 that	 contribute	
to	 shark	 and	 ray	 conservation	 (based	 on	 their	 location	 in	 an	 area	





was	 to	 interview	as	many	people	as	possible	within	 the	budgeted	
time	 period,	we	 used	 purposive	 sampling	 to	 obtain	 the	 best	 pos-
sible	 spread	 across	 categories	 such	 as	 agency	 type	 (government,	
non-	government,	 academic	 institution)	 and	 country	 location	 of	
MPAs	with	which	participants	were	currently	or	previously	involved	
(Figure	1).	 We	 classified	 participants	 into	 one	 of	 six	 stakeholder	
types	based	on	 their	 self-	defined	 area	of	 expertise,	 and	based	on	
whether	 they	had	been	 involved	with	one	or	more	shark	and	 ray-	
focused	MPAs,	or	only	regular	MPAs	(Table	1).




258  |     MACKERACHER Et Al.
2.3 | Data coding and analysis
Responses	 to	 open-	ended	 questions	 (i.e.,	 success	 factors,	 desired	
outcomes)	were	 coded	 into	 broadly	 defined	 categories	 (Supporting	

















We	 used	 linear	mixed	 effects	models	 to	 test	 (a)	 whether	 “success	


















A	 total	 of	 53	 individuals	 comprising	 21	 nationalities	 were	 in-
terviewed	 from	 various	 agencies	 including	 12	 management	 or-
ganizations	 (three	 non-	government,	 nine	 government),	 three	
environmental	 consulting	 firms,	 one	 dive	 tourism	 operator,	 eight	
research	institutions,	17	non-	governmental	organizations	and	two	
intergovernmental	 organizations	 (one	 regional,	 one	 international).	
Overall,	57%	of	participants	(n	=	33)	had	been	involved	with	at	least	
one	shark	and	ray-	focused	MPA.	A	total	of	34	MPAs	from	20	coun-
tries	were	discussed	during	 the	 interviews,	 including	seven	Shark	
Sanctuaries	 (Federated	 States	 of	 Micronesia,	 Cayman	 Islands,	
French	 Polynesia,	 St.	 Maarten,	 Bonaire,	 Saba,	 Kiribati)	 (Figure	1,	
Supporting	Information	Table	S2).
3.1 | Perceived effectiveness of MPAs as a tool for 






















Stakeholder type Regular MPAs
Shark and ray- focused 
MPAs Total
Advocate 3 3 6
Conservation	practitioner 7 7 14
Fisheries	expert 1 1 2
MPA	manager 3 4 7
Policy	expert 0 4 4
Scientist 9 11 20
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3.2 | Factors perceived to influence the success of 
shark and ray- focused MPAs
When	 asked	 which	 factors	 have	 the	 potential	 to	 influence	 the	
success	of	MPAs	for	sharks	and	rays,	all	53	participants	provided	
responses	 (n	=	193	 responses)	which,	 once	 coded,	 encompassed	
a	 total	 of	 47	 factors	 and	 28	 coded	 categories	 (Supporting	
Information	Table	S1a).	Greater	emphasis	was	placed	on	the	social	
determinants	of	MPA	success	 (71%,	n	=	137	 responses)	over	 the	
biophysical	determinants	of	success	(29%,	n = 56	responses),	with	
the	most	 common	 responses	 relating	 to	 support/buy-	in	 (19%	of	
responses),	enforcement	(17%),	biological	factors	(10%),	size	of	the	
protected	area	(8%)	and	management	(6%)	(Figure	3a,	Supporting	











in	 isolation:	 “What	 factors	 [influence	 success]	 depends	 on	 other	
factors	 in	 all	 circumstances.”	 (Respondent	 #34).	 Other	 comments	
by	 participants	 emphasized	 that	 success	 factors	 depend	 on	 the	




the	species”	 (Respondent	#34).	Others	also	highlighted	 the	 impor-
tance	of	incorporating	baseline	research	into	effective	MPA	design:	
“Understanding	what	 you’re	 trying	 to	protect	 is	 key”	 (Respondent	
F IGURE  2 Frequency	distribution	of	scores	describing	the	
perceived	effectiveness	of	(a)	shark	and	ray-	focused	marine	



























































TABLE  2 Comments	by	participants	(n = 53)	regarding	the	effectiveness	of	marine	protected	areas	(MPAs)	as	a	tool	for	shark	and	ray	
conservation








3.3 | Desired outcomes of shark and ray- focused 
 MPAs
When	 asked	 to	 list	 the	 most	 important	 desired	 outcomes	 of	
MPAs	for	sharks	and	rays,	all	53	participants	provided	responses	
(n = 146	 responses)	which,	 once	 coded,	 encompassed	 a	 total	 of	
56	 outcomes	 and	 25	 coded	 categories	 (Supporting	 Information	
Table	S1b).	Greater	emphasis	was	placed	on	biological	outcomes	
(60%,	 n = 87	 responses)	 over	 social	 outcomes	 (40%,	 n = 59 re-
sponses),	 with	 the	 most	 frequently	 mentioned	 outcomes	 relat-
ing	 to	 population/biomass	 (35%	 of	 responses),	 support/buy-	in	
(8%),	the	ecosystem	(7%)	and	fishing	(6%)	(Figure	4a,	Supporting	
Information	Table	S1b).	Responses	such	as	“increased	numbers,”	
“persistence	 of	 populations,”	 “level	 of	 compliance,”	 “reduced	
fishing	 effort”	 and	 “increased	 ecosystem	 health”	were	 common	




tion	 (χ	=	5.53,	 p = 0.019).	While	 all	 participants	 placed	 a	 strong	
emphasis	on	population	outcomes,	support/buy-	in	featured	more	
strongly	 among	 participants	 with	 experience	 in	 regular	 MPAs	
(Figure	4b,c).	 One	 participant	 emphasized	 the	 importance	 of	
local	 support	 as	 an	 outcome	 of	MPA	 establishment:	 “If	 people	
respond	favourably	 towards	 the	establishment	of	an	MPA,	 then	
that’s	an	indication	that	it’s	successful”	(Respondent	#4).	Another	
participant	 highlighted	 the	 potential	 issues	 that	 can	 arise	when	





While	MPAs	are	 increasingly	advocated	as	a	 tool	 for	shark	and	ray	
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4.1 | Perceived effectiveness of MPAs as a tool for 
shark and ray conservation
Overall,	shark	and	ray-	focused	MPAs	were	perceived	to	be	mod-
erately	 effective	 as	 a	 tool	 for	 shark	 and	 ray	 conservation,	 and	
only	slightly	more	effective	 than	regular	MPAs.	 In	explaining	 the	
reasons	 behind	 the	 effectiveness	 scores	 provided,	 participants	
concentrated	on	two	related	points.	The	first	point	raised	by	par-
ticipants	 is	 that	the	effectiveness	of	MPAs	for	sharks	and	rays	 is	
complicated	by	issues	relating	to	the	highly	mobile	and	migratory	
nature	 of	 many	 species.	 Indeed,	 species	 movement	 ranges	 are	
often	either	unknown	or	so	 large	that	spatial	protections	are	not	
a	 feasible	 conservation	 strategy	 in	 isolation	 (e.g.,	 Heupel	 et	al.,	
2015).	 For	 spatially	 restricted	 populations	 (e.g.,	 some	 reef	 shark	





second	 point	 raised	 by	 participants	 is	 that	most	MPAs	 are	 small	
and	 have	 not	 been	 established	with	 specific	 consideration	 given	
to	 sharks	or	 rays.	As	 such,	most	do	not	 cover	 the	 species’	 home	
ranges,	 although	MPA	benefits	may	 still	 arise	 if	 core	habitat	use	








could	 be	 combined	with	 participatory	 processes	 to	modify	MPA	
boundaries	 and/or	 zoning	 so	 that	 core	 use	 areas	 are	 protected	
while	ensuring	that	any	negative	social	impacts	of	these	modifica-
tions	are	mitigated.
While	 Shark	 Sanctuaries	 and	 large-	scale	 MPAs	 may	 provide	
better	 protection	 across	 species	 home	 ranges,	 their	 large	 size	
poses	 significant	 monitoring	 and	 enforcement	 challenges,	 and	
insufficient	 enforcement	 may	 enable	 further	 overexploitation	





contexts	 where	 natural	 resource	 governance	 is	 often	 top-	down	




not	 a	 panacea,	 but	 represent	 one	 of	many	 tools	 in	 the	 toolbox.	
This	is	well	illustrated	by	one	participants’	comment:	“Sometimes	
MPAs	are	 seen	as	 the	panacea	and	 the	answer	 to	 shark	 and	 ray	
conservation	questions…	They	definitely	can	play	a	part	to	varying	







MPAs	 could	 be	 enhanced	 by	 complementing	 spatial	 protections	
with	gear	 restrictions	and	other	 fisheries	management	measures	
to	reduce	fishing-	induced	mortality	beyond	MPA	boundaries.
4.2 | Factors perceived to influence the success of 
shark and ray- focused MPAs
The	factors	perceived	to	influence	the	success	of	shark	MPAs—and	
the	 emphasis	 on	 both	 social	 (i.e.,	 support/buy-	in)	 and	 biophysical	
aspects—reflect	the	broader	literature	on	MPA	success	(e.g.,	Edgar	
et	al.,	 2014).	Moreover,	 as	 seen	 in	 our	 results,	 some	 studies	 have	
emphasized	 the	 importance	 of	 social	 over	 biophysical	 drivers	 of	
success.	For	example,	a	recent	case	study	review	identified	six	key	
themes	 consistently	 cited	 as	 contributing	 to	 MPA	 success/failure	
(Rossiter	&	Levine,	2014):	(a)	level of community engagement,	includ-
ing	 stakeholder	 involvement	 and	 participation	 in	 decision-	making	
(e.g.,	 Agardy	 et	al.,	 2003;	 Fox	 et	al.,	 2012),	which	 aims	 to	 address	
stakeholder	 needs	 and	 reduce	 conflict	 (Agardy	 et	al.,	 2003;	Heck,	







cal	 factors—sustainable	 funding	 sources	and	 long-	term	monitoring	








While	 most	 of	 the	 themes	 discussed	 by	 Rossiter	 and	 Levine	
(2014)	 featured	 in	 our	 study,	 one	 theme—socioeconomic	 charac-
teristics—was	largely	absent	from	discussions	regarding	the	factors	
that	 influence	the	success	of	MPAs	for	sharks	and	rays.	Given	the	
high	 economic	 value	 of	 sharks,	 socioeconomic	 characteristics	 are	





Consideration	 of	 socioeconomic	 characteristics	 and	 local	 context,	
including	 the	 level	 of	 resource	 dependence	 and	 alternative	 liveli-
hood	options,	is	therefore	crucial	to	ensure	that	MPAs	do	not	nega-
tively	impact	local	communities	(Clua	&	Pascal,	2014).
4.3 | Desired outcomes of shark and ray- 
focused MPAs







appropriate	 or	 achievable	 outcome	 for	MPAs	 established	 for	 par-
ticular	species	or	in	certain	contexts.	The	life	history	characteristics	
of	many	sharks	and	rays	(low	fecundity,	late	age	at	maturity,	etc.)	are	






be	 achievable	 in	places	where	 threat	 levels	 to	 sharks	have	always	







pact—that	 is,	 the	difference	 they	make	 to	conservation	outcomes.	
Comparisons	of	population	trends	before	and	after	MPA	establish-
ment	are	not	possible	 if	baseline	population	data	are	 lacking,	as	 is	
the	case	 for	most	Shark	Sanctuaries	 (Ward-	Paige	&	Worm,	2017).	




locally	 through	 human	 activities,	 represents	 a	 major	 challenge	 to	
measuring	the	ecological	 impact	of	MPAs.	Similarly,	spatial	evalua-
tions	of	MPA	effectiveness	can	be	confounded	by	 factors	 relating	




differences	 in	 abundance,	 habitat	 quality,	 or	may	even	 reflect	 dif-
ferences	in	the	rate	of	population	decline	as	opposed	to	population	
stability	 or	 growth	within	 the	 reserve	 (Lester	 et	al.,	 2009).	 In	 the	
case	of	large-	scale	MPAs	and	Shark	Sanctuaries,	spatial	evaluations	
using	this	kind	of	with–without	comparison	are	simply	not	possible.	
In	 spite	 of	 these	 challenges,	 reliable	 evaluations	 of	 the	 biological	






efforts	 for	 sharks	 and	 rays.	 This	 focus	 on	 biological	 outcomes	 is	
consistent	with	the	thinking	that	has	dominated	the	protected	area	





1998;	 Murray,	 2003).	 Indeed,	 a	 review	 of	 research	 on	 terrestrial	
protected	area	success	 found	that	 the	majority	of	studies	 focused	







may	 indicate	 a	 lack	 of	 understanding	 regarding	 what	 motivates	
local	communities	to	support	shark	and	ray	conservation.	Research	
on	 the	human	dimensions	of	MPAs	has	 shown	 that	 the	ecological	
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and	rays.	For	 this	 reason,	 focusing	on	biological	outcomes	 (i.e.,	 in-
creased	 abundance),	 particularly	 in	 resource-	dependent	 commu-
nities,	 is	unlikely	to	garner	support	 for	shark	and	ray	conservation	




increased	 shark	 and	 ray	 abundance	 if	 (a)	 sharks	 and	 rays	 are	 not	





ner	 local	MPA	 support,	 thus	 enhancing	 the	potential	 for	MPAs	 to	
improve	biological	outcomes	through	increased	compliance.
Social	 considerations	 are	 important	 to	 the	 long-	term	success	
of	MPAs	 (Christie,	2004)	 and,	when	overlooked,	 can	 lead	 to	un-
intended	 consequences.	 In	 discussing	 “lessons	 learned”	 through	
involvement	with	a	specific	MPA,	participants	highlighted	a	num-
ber	of	elements	that	were	not	considered	during	MPA	design	and	
implementation.	 For	 example,	 two	 participants	 commented	 on	





uity	 issues	within	one	MPA	had	created	conflict	due	 to	a	 failure	
to	consider	the	way	that	benefits	were	spread.	These	comments	
















Spatial	 prioritization	 could	 also	 help	 identify	 multi-	objective	 “hot-
spots”—areas	with	high	potential	conservation	benefits—for	example,	





















Moreover,	 the	 ability	 of	 spatial	 protections	 to	 protect	 and,	where	
necessary,	rebuild	shark	and	ray	populations	may	be	complicated	by	







of	 success.	While	 the	broader	MPA	 literature	has	made	significant	
advances	in	this	area	(see	Rossiter	&	Levine,	2014),	research	to	date	




Future	 studies	 could	 examine	 the	 social	 factors	 that	 contribute	 to	
successful	 outcomes	 in	 shark	 and	 ray-	focused	MPAs,	 and	 explore	
how	 each	 factor	 links	 to	 specific	 outcomes.	 Additionally,	 future	
studies	 could	 examine	 the	 link	 between	 subjective	 and	 objective	
measures	of	 success	by	 comparing	 local	 perceptions	of	 success	 to	
ecological	evaluations	of	shark	and	ray-	focused	MPAs.	Finally,	future	
perceptions	 research	 exploring	 the	 views	 around	 using	 MPAs	 for	
sharks	and	rays	could	examine	whether	and	how	perceptions	relate	
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they	are	generally	viewed	 to	be	 insufficient	 in	 isolation;	 (b)	 social	
factors	are	recognized	as	paramount	to	success;	however,	the	cur-
rent	focus	is	on	biological	outcomes;	and	(c)	there	is	consensus	that	
achieving	 population	 outcomes	 is	 the	 primary	 biological	 goal	 of	
using	MPAs	for	sharks	and	rays,	however,	this	goal	may	not	always	
be	 realistic	 or	 measurable.	 The	 apparent	 disconnect	 in	 emphasis	




ray	 conservation	efforts,	we	believe	 that	 an	 equally	 strong	 focus	
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